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SUBJECT: Atwood Lake Dam, MO 31171, Phase I Inspection Report

This report presents the results of field inspection and evaluation of the
Atwood Lake Dam. It was prepared under the National Program of Inspection
of Non-Federal Dams.

The owner should initiate immediate action to provide an erosion-free
emergency spillway so that the full existing spillwav capacity could be
utilized. With an erosion-free emergency spillway, the spillways will pass
greater than 50 percent of the Probable Maximum Flood.

Non-implementation of this recommendation will restlt in an unsafe, non-
emergency classification, due to degradation of the emergency spillway
crest which could cause dam failure by floods exceeding 42 percent of
the Probable Maximum Flood.
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PHASE I REPORT

NATIONAL DAM SAFFTY PROGRAM

Name of Dam: Atwood Lake Dam

State Located: M,* ssou r i

County Located: Iefferson

Stream: Tributary of Sandy Creek

Date of Inspection: 8 October 1980

The Atwood Lake Dam was visually inspected by engineering personnel of

Homer & Shifrin, Inc., Consulting Engineers, St. Louis, Missouri. The

purpose of this inspection was to assess the general condition of the dam with

respect to safety and, based upon this inspection and available data,
determine if the dam poses a hazard to human life or property.

The following summarizes the findings of the vsual inspection and the

results of certain hydrologic/hydraulic investiqations performed under the

direction of the inspection team. Based on the visu al inspection and the

results of these hydrologic/hydrail ic invest raLi ons, !-he present qeneral

condition of the dam is considered to be satisfactory. However, several items

were noticed during the inspection which are consid.ered to have an adverse

effect on the overall safety and future operation of the dam. These sterns

include erosion of the tipst re;um fact, of thio ernbar <mne, trees and areas of

dense undergrowth on the downstream face of the embankment, and erosion nf the

emergency spillway outlet channel. Anima! burrows were not observed during

the inspection, but their presence was indicated by Mr. LaPlant, the camp

caretaker.

According to the criteria set forth in the recommended guidelines, the

magnitude of the spillway design flood for the Atwood Lake Dam, which is

classified as small in size and of high hazard potentia., is specified to be a

minimum of one-half the Probnhle Maximum Flood (PMF). Considering the fact

that a relatively small volume of water is impounded by the dam, that the

IN I II -- -- - I I m i i n ill i . .. . .-- . . . 'i



flood plain downstream of the dam is fairly hra, rind that there are ht

three dwellings within the estima t( flood io p3i , P is mcrrn1.wi , t

the spillways for this dam be desinned for nn-hrd f th, PMF. Th Prinhahle

Maximum Flood (PMF) is the flood that may be eoxe rtod from the most severe

combination of critical meteoroluigic rid hydrnlnli,' ,,i in th;t -rI',

reasonably possible in the region.

Results of a hydrologic/hydraulic analysi,; in,!i rqtnd the spillways,

principal plus emergency, are inadequate to safoly par.; lake outflow resulting

from a storm of one-half PMF magnitude without significant deqradation by

erosion of the emergency spillway crest. The spillways are capable of pasrinrj

lake outflow resulting from the one percent chance (100-year frequency) floo

and the outflow corresponding to about /2 percent of the PMF. According to

the St. Louis District, Corps of Engineers, the length of the downstream

damage zone, should failure of the dam occur, is estimated to be one mile.

Within the potential flood damage zone are three dwellings and a farm

building.

A review of available data did not disclos,- that: seepage or stability

analyses of the dam were performed. This is cons tO red i deficiency r n

should be rectified.

It is recommended that the Owner t:flive the nu:,1-;rary .t ion in the ronr

future to correct or control the deficiencies and safety defects reported

herein. Restoration and protection of t:he upstreom face o7f the dam should he

assigned a high priority.

t

Harold P. Lockett
P. F. Missnuri E-4189

Alet R. EF _T<ce , .Jr. IIf
P. L. M issnuri E-9168
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HAFI TNSPFTrw~ ~N FPr)P

N A T TONAL- DAM SAF:?TY ~O~~

ATWI D PAYE. I) M 7 1 MI

SE-fT JON I -LPO.IFPT P [UFfRMAT Iwj

1.1 GENERAL

3. Authnrity. Th, Nn' i rna I DamIT Insp'' tr ft 'nbI ia 1f-( ' it)]

8 August 1972, authrri oil tho !icr ay -)t Vh Aimvh~il '-

Engineers, to 'nit iate a pronram of saftyn nof Irlarvs

United Sta tps. P,,rsuiint tin~~v' t pI0t

Engi neers, directedI thatl - -ri,ftv irrtr -- ~ra > ~mh

b. Purpose of InsDoert *ior. 1h.- P~eUt vsv ia nps

make an assessment of the i-.:;lcni n atelm vi th r ~t V :i-a v

and!, ba-sed upon avqiI- lahi e ;vat t aihis i ns,;)Ft in, lIetermire i f P ha -U ii

a hazard to human feor p--roprtV.

C. Evluation Criteria . Th i czrva!ua,.t ion wa. ppr forned , in) !lcrnrlani-e

with the "Phase I" investigat ion procedurnaI is prt-sc- ibFd in the"e anoJJ

Guidelines fo~r Safety Inpcinof Da-ms", Appendix ID to "Report tri th-e l),ileV

of Engineers on the National Proqran of Inspect o'.n of Non-Fejeral. Da4ms", laItd

May 1975.

1.2 DESCRIPi"ON OF PROJEC"T

a. Description of Damn and A p 1lirtenanrrs. Thp Atwood Laikr FDa-m i-

earthfill type embankment risinq iproximately Y7 tel:i ahove the a r~

streanhed at the down-streaim toe nf the ha-rrier. The I ifs'roam i fthe

embankment, according to info roation shnwn no Hie daim ernst ritn la i

is indicated tn have a slno of Iv on 2. 5h: howevrr, hpcrmiac a f,' -<ron ,on, Lhf

slope has become cons iderahly steeper -ahorve thP norival waterline amrn ma

of the dam. The downstroam sioof the ria j- a somewh-t i rrenoulr wit-h -i ;I,no

of approximately lv on 2.2h near the top of the s.tructure, hut h,,cominq



flatter, about lv on 2.9h, near the ba!-,? of tHele. Th, width or ther

is approximately 12 feet and th,, ,am is about . fet long. A plan Irll

profile of the dam is shown on Plate 3, a cross-section uf the dam is shoyn on

Plate 4, and an overview photograph of the dan is shown following the pef;ce

at the front of the report. At rnormal pool elevation, the reservoir impounded

by the dam occupies approximately 7 acres.

The dam has both a principal and an emergency spillway. The pr~ncipal

spillway, a 4-foot square reinforced concrete drop inlet structure with a

concrete back wall that serves to protect the dam and a 48-inch diameter pipe

outlet that passes through the dam, is located at the right, or south, end Df

the dam. The drop inlet structure is about 8.9 feet deep. A. 6-inch valve

located in the bottom of the structure is provided to allow partial lake

drawdown. The outlet channel for the principal spillway follows a course

along the hillside of the right abutment for abhrt 635 it before dropping

abruptly at a sandstone outcropping to the orlg,nal ;tream channel downstream

of the dam. A profile of the principal spillway outlet is shown on P ]ate 4.

The emergency spillway is located at the left, or north, abutment. The

spillway outlet channel, an excavated earthen trapezoidal section, ic cut into

the hillside at the end of the darn. An earthen bank that serves to confine

flow to the channel and protect the dam is constructed on the right side of

the channel. The bank extends to a point approximately 60 feet downsrream of'

the center of the dam. Just beyond the end of the hank, the outlet channel

bends to the south and flows along a course that closely parallels the darn.

The spillway outlet channel appears to join the original stream channel at a

point about 40 feet downstream of the dam. A profile of the emergency

spillway crest section and a cross-section of the spillway at the centerline

of the dam, are shown on Plate 5.

b. Location. The dam is located on an unnamed tributary of Sandy Creek

about 0.6 mile northwest of the intersection of Sandy Rood and the entran,-e

road to Camp Cedar Ledge; and aHout 3.5 miles nort east of the rnrnvniy of

Pevely, Missouri, as shown on the Regional Vicinitv Map, Plate 1. Th, ,inn i's

located within U. 5. Survey 4137, approximately II,l100 fon, m, theast and ;]

feet northeast of the northwest corner of Survfoy 137, it- Tnwnhip "41 N)rt!,

Range 5 East, in Jeffersnn Cotintry.
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c. Size Classification. The size cha'ssification based on the height of

the dam and storage capacity, is categorized is mall (per Table 1,

Recommended Guidelines for Safety Insprt iri f (imm'

d. Hazard Classification. Ihe Atwond Lakr:e Vin, : icordinq to the St.

Louis District, Corps of Engineers, has a high hazard potenti.ail, meaning that

if the dam should fail, there may he lo-.s of life, ;erious damage to homes, or

extensive damage to agricultural, industrisl and, commercial facilities,

important public utilities, main hiqghways, or rairod. The esimate flod

damage zone, should failure of the dam occur, as ulet_,,rmited by the St. Louis

District, extends one mile downstream of the lam. Within the poss'ble damagle

zone are three dwellings and a farm huilding. Those features lying within the

downstream damage zone as reported by the St. La)ijis District, Corps of

Engineers, were verified by the inspection team.

e. Ownership. The lake and dm are owled hy the Girl Scout Cnunci. of

Greater St. Louis. The main office of the Girl Sconut. organization is loc.Led

at 915 Olive Street, St. Louis, Missouri, 63101. Mr. Gary Winzenburger,

Property Manager, is the Owner's representative.

f. Purpose of Dam. The dam impounds w-ter for re(reational use by the

Girl Scout organization.

g. Design and Construction History. Acerodinq to Ms. Amanda Schlueter,

the original dam, a structure approximately 17 feet high, was built hy her

father, Henry Schlueter, sometime arnund 1935. Ms. Schlueter reported that

her father was a farmer by occujpation and cnnm,.rurcted the? dam durinq his spare

time. In 1969, following acquisition of the praperty hy the GIrl Scout

Council of Greater St. Louis, based n plans prep iro' ,i oitly by Aeit7 & Jens,

Consuting Engineers, St. Lnii i, Misnoriri , ind 1.1. ;. Departme~nt of ANqrici dLuMre,

Soil Conservation Service, the dam was ra ,ed approximnteylv 10 ff,et ,d new

spillways were provided. Constructinn pl am la rinq he PV:, & lens title

block for these dam improvP1TIf I n I, re fe rnc,' em i t ro !. I , re o( It t 1!'d

herein. The contractor that prfformed the wo r< indicated nn the 0 in- m-mild

not be determined. Since improving the dain in I'469, ther, have been nor

subsequent changes or addit inn. to the st ru ttiiri .
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h. Normal Operational Procedur. T, . l iP Ttrrp il i.,r!. Lake

outflow is governed by the Ci:nbiied r.'ac o ' jr,q inlet type inri l

spillway and an excavated enrti tyro, ,,, > ; ,

1.3 PERTINENT DAFA

a. Drai nage Area. Except for i , pstur, r. 1d in the f;o'JiV r p. r V f

the watershed, the area tributiry to th, 1lake is For Hir, most 1,.rt. in -A nY-i' , / e

state covered with timber. The watershed ahoy!, the ,aim amnonts to

approximately 93 acres. The watershed area i,., ouitlined on Plat- 2.

b. Discharge at Damsite.

1. Estimated known inaximum flood at darnsite ... 10 (f's* (W.S. Clev. 475.3)

2. Spillway capacity

a. Principal ... 106 cfs (W.S. lev. 476.8)

b. Principal + emerqency ... 403 cfs (W.S. Elev. 478.a)

c. Elevation (Ft. above MSL). The following elevations were determined

by survey and are based on topographic data shown on the 1954 U.S.C.S.

Herculaneum, Missouri, Quadrangle Map, 7.5 Minute Series, photorevised 1968

and 1974.

1. Observed pool ... 474.6

2. Normal pool ... 475.0

3. Spillway crest

a. Principal ... 475.0

b. Emergency ... 476.8

4. Maximum experienced pool ... 475. 5"

5. Top of dam ... 479.8 (Min.)

6. Effective top of dam . . . 478.3**

*Based on an estimate of lake level as nbserved hy Mr. James E. LaPlant, Camp

Ranger.

**Elevation at which lake outflow within emerqency spillway exceeds permissible

velocity.
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7. Streambed at centerline of dam ... 454+ (Est.)

8. Maximum tailwater ... Unknown

9. Observed tailwater ... None

d. Reservoir.

1. Length at normal pool (Eiev. 475.0) ... 1,050 ft.

2. Length of pool at top of dam (Elev. 479.8) ... 1,200 ft.

e. Storage.

1. Normal pool ... Z 3 ac. ft.

2. Top of dam (incrementa l) ... 37 ;c. ft.

f. Reservoir Surface.

1. Normal pool ... 7 acres

2. Top of dam (incremental) ... 2 acres

g. Dam. The height of the dam is defined to 5t, the overaill vertical

distance from the lowest point of foundation surface at the downstream toe of

the barrier, to the top of the dam.

1. Type ... Earthfill

2. Length ... 473 ft.

3. Height ... 27 ft.

4. Top width ... 12 ft.

5. Side slopes

a. Upstream ... Iv on 1.5h (above waterline, eroded)

b. Downstream ... Iv on 2.2h to lv on 2.'h

6. Cutoff ... Core trench*

7. Slope protection

a. Upstream ... Grass

b. Downstream ... Grass

*Per construction drawings hy Reitz & .Jens, Con,;ultinq Engineers, May 19, 1979.
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h). Principal Spit1wjay.

1. Type ... Unci-vti n1l i, 11-C1 r 'j j are rjrr~I i

2. Loca tion . . ii ,h .ii f !,

3. Top . .. Eleva-tinn 4"~

4. Ro ttom . . . Vvtin'

5. Outlet . .. 4R -.; v Ili ~iM't O 0 -!') Itriiti Mt 3 I pi I -)rfltl 1 1 feet

i. Emergenc-' Snillway.

1. Type . .kcont!ml)I-?d, excavated eairth, trapf~zoidal section

2. Location ... Left ihutm-?nt

3. Crest .. . Elevation 476,.8

4. Appronch charnel ... L-ake

5. Outlet channei ... V-se-ction earth

j. Lake Drawdown Fac i Ii tyjMI-!,iaY.

1. Type ... 6-I1nch rstf-- irn p i pf

2. Cont rol .il . f. vnvo

3. Location . .. Flrnn i nlt

4. [Ii schirme......lovat ion /u(' '. r+

*Per construrt ion drawinq,. hy Reit-' A Ions, C'onsulting Engineers, May 19, 1969,
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SECTION 2 - ENGINFERING DATA

2.1 DESIGN

As previously stated, the original dam, a structure approximately 17 feet

high impounding a lake of about 3 acres, was raised approximately 10 feet in

1969. No design information relative to the original dam, which was

constructed sometime around 1935 by Henry Schlueter (deceased), a local

farmer, is known to exist. Plans for raising the dam, reference Plates 6, 7

and 8, are included herein. With the exception of the data shown on the plans

and some information obtained from one of the designers, Fred E. Palmerton,

formerly with Reitz & Jens and now employed by Anderson Engineering, Inc. of

Springfield, Missouri, no record of the design work is known to exist.

According to Reitz & Jens, with the exception of these drawings, the file

containing all correspondence, specifications, calculations, and other records

was recently disposed of during relocation of their office.

According to John J. Bailey, Vice President, Reltz & Jens, a design for

improving the dam was prepared by Sni Conservation Service (SCS and, a: tie

request of the Girl Scouts, Reitz & Jens, was invited to review the CS

design. Investigations by Mr. Palmerton indicaLed that a larger princi.oal

spillway than that recommended by SCS would require less frequent use of the

emergency spillway outlet. The Girl Scouts accepted the Reitz & Jens design

changes and the necessary construction plans for implementing the design were

prepared. According to Mr. Bailey, the information shown on Sheet I of the

plans was in part done by SCS, with all the detail shown with lower case

lettering by SCS, and the detail shown with upper case lettering by Reitz &

Jens. Since the embankment and the emergency spillway section is done in

lower case lettering, it is presumed to have been specified by SCS. According

to Richard E. McMillen, SCS District Conservationist, St. Louis County

(Jefferson County does not have an SCS office, and the work done there is

handled by the St. Louis County office), there are no records of this design

in their files.

Mr. Palmerton reported that the 100-year frequency flood was the basis of

the Reitz & Jens' design for the principal spillway, and that 1.5 or 2.0 feet

2-]



of freeboard was provided between the lO0-year desiqn lake level and the crest

of the emergency spillway. However, Mr. Palmerton could not recall the

criteria used for determining or checking the proportions of the emergency

spillway or the top of dam elevation. Mr. Palmerton indicated that he is of

the opinion that, with the exception of revising the principal spillway, the

remainder of the design, incluiding the embankment Timqirements, was designated

by SCS.

2.2 CONSTRUCTION

As previously indicated, the original -1am was constructed about 1935 by

Henry Schlueter, a local farmer. Accordinq to Ms. Amanda Schlueter, her

father hand excavated a seepage cutoff trench approximately 18 inches wide to

rock along the longitudinal axis of the dam and then filled the section with

concrete. Ms. Schlueter also indicated that the embankment material used in

the dam was placed using a mule drawn scraper. In 1969, in accordance with

the details shown on the plans prepared by Reitz & Jens, the dam was raised

approximately 10 feet. The contractor that performed the work indicated on

the plans could not be determined. According to Mr. Palmerton, to the best of

his knowledge, inspection of construction activities were handled by SCS.

2.3 OPERATION

The lake level is uncontrolled and governed by the elevation of the top of

the drop inlet type spillway as well as the crest of the emergency spillway.

No indication was found during the inspection that the dam has heen

overtopped. James LaPiant, Ranger and camp >aretaker, reported that the dam

has never been overtopped, and that the highest observed lake level was only

about 0.3 foot above the drop inlet.

Mr. McMillen, SCS District Conservationist, recalled inspecting the Jam

several years ago, and that the only prohlem he observed at that time was the

rather extensive erosion damage of the tupstream face of the embankment.

2-?



2.4 EVALUATION

a. Availability. Seepage and stability analysis for assessing the

design of the dam were unavailable. Recorded data ,ivnilable is limited to

information shown on the construction plans prepared hy Reitz & Jens, Inc., in

1969.

b. Adequacy. Seepage and stability analyses comparable to the

requirements of the "Recommended Guidelines for Safety Inspection of Darns"

were not available, which is c, nsidered a dcficiency. These seepagq, and

stability analyses should be performed for appropriate hoading conditions

(including earthquake loads) and made a matter of record. The information

shown on the logs of the test borings may have to be supplemented by

additional borings to obtain undisturbed samples of foundation materials for

determination of necessary shear strengths to be utilized in the stability

analyses.

According to hydrologic/hydraulic investigations performed tinder the

direction of the inspection team, the spiliways are capable of passing lake

outflow corresponding to about 60 percent of the prohahle maximum flood

inflow. Since spillway capacity exceeds the recommended spillway desIn

flood, i.e. one-half the probable maximum flood, no further hydrolonic/

hydraulic investigations are considered necessary.
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SELCTI OdN 7, - VsI -I I N7SVLCF

3.1 FINDINGS

a . Gene i'al A v i a , risoec 1, n 1 0f t oe IAt wr> -i k- Dain was ndo b

Home(,r & Shifrin engineering so , R. F. S toI, Civil En i nec r-

H. B. Lockett, Hydrologist-, aind A. R. I~kr, l., Clvi Iarnd Soi i1-T Fnoer,

on 8 October 1980. An exzimination )F thoe da-m a rea w;os also madet- hy In

engineering geologist, Jerry D. Higi ns, Ph.DP. , a cons ul tart retni nod by

Horner N Shi frin for the purptose of A:;.ses-si og the silr (o geoloy. Also-xi mned

at the time of the inspection were the areas and features below the jahm within

the potential flood damage zone. Photographs of the, dam taken at the time of

the inspection are included on page,; A-i through A-It of Appendix A. The

locations of the photographs taiken during the i ncsppectlnn art, in!dica-ted on

Plate 3.

b. Site Geology. Atwood Lake is Incatcd in a -st-eep-wa )l ld val! Icy on the

north side of Sand Ridge, nd is a tribtatry to) Sa;ndy C'rfek. The t-opogra-phy

around the lake site is roderately rugged with low cl iffs forming -,nne valley

walls. Rlief between the valley floor and .sur-ntimo!ng drainaoge dividles

ranges up to a maximeum of approximately '/-10 feet. lhe, area 1; ie' jid within

the northeastern part of the Oz~ark HaosPhy ;igo ic P-ovince,, ;vn th-e

regional dlip of the bed rocl i,,7 to the no rthe~a-;

The bedrock at the site -oos ists.- of nrionvi -:_anj! ''vanionsad

dolomites of the St. Peter and Jnachim formatins. Thetf lake is; locate,_d on the

St. Peter sandstone with the Joachi tinld~on to, (xpoidap m.-m tl ?'5 feet

above the crest of the dam. The It. Peter forma-tion is exposedi In a steep

bluff which forms the s;nuth shore ()f the lal-'. rlo faulting a bsre in

the immediate vicinity of thelae

The St. Peter formation is a white, fine- tn m'i'im-gr;ined, pure quartz

sandstone. It generally !-s moii ,vPl y belied ;iri, a t hnugh loosel-y ceioented,

exposed rock surfaces usuial lv irt, ern--hairdened by wetei prneeos .,. The

sandstones are permeable arid will transmit waiter reaidily. Ppsorvni r lea-kagle

ia comrmon probl em if a siif'ficient. sonil c~noer isrnot le-ft on ttoe r-oservni r



f loo r. The Joachim formation is composed prlirily of .- ye1lonwis, )hrnwn.

argillaceous dolomnite. Interheidid 1 imostne) aol shale are Irnet 1 the'

lower part of the formation. The dJolomi tos areo fxtomni vel y Jointed and ha3ve

undergone cons iderqhi e so 1 ofi n w!at her i nr, cisioltepermoab ilif y ifth

bedrock to be high. Sinkholesc, caves.,, a-nd sp! in~- es10coinifO! in fbi-.

formation, although none were obiserved 'it. the- lak<e si te.

The soils at the site art, of two typo-;. Slopes3 abohve the rsro r

covered with a thin, -tony -.inalsil ((-I, (Ini fYI57 I fisif oan

System) (detrived from weaither i n of heit di~ilf mt o~bdrck . The -)i ir as ml !i to

shoreline coos i s t s f' a ml xtre of sandy !to; j i )IT) ,)T m o' t. . Po ! ;~ t Cn

and Coliluv jun from the tipper lom.T ) 'o- as q t e.;i i; t sly, tny

clay (ML-CL range) . Thte- ak, s, ta ee nn i ti,: J, n rock: tw

leakage reportedly is nt a proleim. T o ii aper h, sieI.,

and are of suffirient thickness, to mt-Lirrl ut11v'o"1 i vwat!r tn V 'Virk

However , these so ils airo t;iceerpt 1 h 1 toe 'm

The most siiinif irant. 'olIi tmdi n th, -to, aIre the, pformttmh 1

bedrock forming the val ley flooir and1- lhe orl it f the) si -I Thon 11

deposits appear to he so ffirc ctly Ithick one mbj to p roh ibit cs ywar

loss from the lake . 4-) other qoo Ionjic coo P t~ inn,-,- r ohbserved that-ws

adversely a ffert the performaince or stIiit he, 1 mbnmet

C. Dain. The vi:;i him port inns of t!o i ips ream ind down st ream) falces as-

well as the dam crest (see Phonto I , 1. ind 3) wore ex-iminorl and foundl to h- in

sound condition, al thounh erosion that aippen r-d to he dtio tn wave ac-t ion

and/or fluctuations of the lakte levol had createod a stec, nd in s~opae

a near vertical bank about 3(1 inches igh al nn 0 njs!t 1heo onti re tiiprotected

(no r iprap ) upstream fa1e of' Lhe darjT. Siaihio)f too lop ox to ii s f rom

the waterline to the dam cresft ( see Photo in) asbsrvdothej vicinj-ity of

station 0+50O+. Somne m inor s r facerack nihnat'it net- de op a ii tp to 6

inches in length, was al-so not ited alonng the ipa reiro [teer th, top of' the

slope. Patches of dens3e tnoe inwth and sevrail sot il troits (see Pho to 11)

were found throtigliout the ent i ro ov:s ream t oe f' tlie dam. aold il tho ejl it

waq la ter repo rted by Mr. La;P I ant , ramp RPani r , th ma aI' vOes1 :irolindberi P os

existed in the downstreaim sP(:fr of the, dam, lt no mr 1' biJ-rows; wet-' foifin irt



the inspection. It is very 11kelv that th, hl,-ns, ,,idermnrwth on the

downstream face of the dam pre ventoint , i, t';, hrrnws. Nin irilj

settlement of the dan cre.t , shinob ir.g of :0.11,1 , ej ' ,-e , o ',olir of

the embankment at the ahtftmeatc was nit,. " .. ;. I w, t .' s v, ri-:

within the original stream chiannol Jir;t ]i",. .j ' ", ,: .w; ' :1 ,

outlet; however, it could n.t he do,''n ii i. :..,'-4, , . , .

lake or ground water exiting the hi]lisid, 1i ' ,.... wi rt:'

event, the quantity was minor aml int "om1 <.: , ,.,-:1anr

grass on the dam crest, -I comhirnatinn of ny,,,.

mowed; elsewhere, the grass, a cnm inat il !-, I ,. .;. ( n. It, V , I ,, ,III

weeds, was on the order of -i feet hiqi i t oin if l , ami >lt i ret

from the downstream side of th, emhn ,, t , 1 the r' ,;l er :" ,' Itam,

indicated the surficial material of the lIaIm in h., : 1 l 41-howr i'

(CL) of medium plasticity.

The drop inlet spillway structure (see Phot) i) was *'x×mined ani for.

be in satisfactory condition. No cracking or- -,igniffi ant- loteri o ration i f thp

concrete structure was noticed. Except foi . I lht roati-nq of 1,1st [) tih,-

surface, the steel reinforci.nq iar type trarsh r]: on the top ,)f the, in!.t

appeared to be in reasonahly good condition. As far as could he det':,nine,

the lake drawdown pipe cast-iron glatn, viv,' (r' mhito rlsor aQ)p isn !n thi e

in satisfactory condition, al though it was nnt orIratm, to check its

capability. The 48- inch corrugated i-l ipo t hat soves .'; in n itlt,! f;"

the drop inlet, inclu ldinrig thte co( oC7o(: t hfa w.111 -,f - r" ,II'(' .o. - I:,

end of the pipe (see Photo %, was i )i! ,,i ,;i(1i fi- int i :'it" V"'r

noticed, a I thotugh some t iruin: 1' wI, I rpl . w iir [Im , 11; -1,. , ' 'iI

survey data obtained duringl t1 i n5rr ''tinn, t I., :2i ,1 i u

downstream of the pipe wa-, .OIut. 0.#, ont til': h h--, thn i' I- 11 if, thl, ii' Pl

which would accont fHfr the at ortilinig Wait- within h. ii rio

be determined, the hitfmionnus ma Lin no the ot,-' 'rio! ,01' the pI jp, 1' p. ':

be intact. The outlet cha:nnel just diwnstream 'if thte pipe (,,ee Ph a to ) ws

inspected and found to he in glood conditin with r i adicatinn of sign fictant

erosion of the earth and sandstnne invert.

The emergency spillway (see Photo 7) and out lot channel (see Photo 8) were

inspected and found to be in satis factory condition, althouih ernsion tr:;,d
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created a gulley approximately 5 ft,-t widle in, ": f.et, ieti) wi.thin th, channel

begiming at a point about 75 feoet dowts-,r,,:m of tI ,n ili way crl'st. Sinc- it.

was reported that the lake has not overflowed,, fil. 1wir-y spiyway re,

the erosion was apparently due to over and dr.- laie I nos had boe 11 ace. in

the gulley (see Photo 12) in order to prevent I'Lrther ,roslon. It did not

appear that the eroded area was near enough to the ,auo It' this time to affect

the stability of the slope.

d. Appurtenant Structures. No anpurtenant. ;trurturtes wre oberved all*

this dam site.

e. Downstream Channel. Except for the culvert cros ;Ing at S.andy Road,

the channel downstream of the dam within the piotPntial flori damae zonie is

unimproved. The channel section is irregular jd a for U),, . , t., line+rd

with trees. A small nearly driod up !ate , d'r L ; r-, iflent 'i-: on tt)

Watershed Map, Plate 2, lies along tl, cows nf thfo -1iennc v pn':j)× m i y

2,000 feet downstream of' the Jam. The tar .i-ri; 'f..;vr I' me

downstream of the impoundment.

f. Reservoir. Except for nar w, 'iv-...- ' '; "

of the lake where a roadway that sorv',', to ,',",' , ' ,,I .m 1 ' ,,,
the hillsides contingent to the reservni r air. ''. '' . N,

Ia ,: w-t ,1 : . t,,tv.l ~ t1,: .~l Nit"

significant erosion of the l ake ";w s Iv I f the

inspection, the lake was about 0./4 Font below inn'mal pool le1iL and the water

within the reservoir was clear. The amoint, of -.odlint qiJfhin the laI<, er;ll

not be determined at the time of the inspection; however, due to the

vegetation covering the surrounding area and the facft .bat the ,eneral .rea

adjacent to the lake appeared to be well ma-nt; ned, it is, not expfcted to he

signi ficant.

3.2 EVALUATION

The deficiencies ohserved durinq th, inspect inn mn l noted he;re i at- , rnet-

considered significant to warran)t immediate remedial a.ction. However, it is

recommended that, as soon as practical, thc erndel ); of the ,oftream fact

of the dan be restored and sni dutratiIc form of ;l ; ion )1, p-ovi-nv ,.i in

order to prevent futire: ero;inn.
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SECTION . F - Pl-RAI0NAi PI&Y'IUR[.

4.1 PROCEDURES

The spillways are uncontri led. The ,ea 'fr'e vlw: is 9overrif,-.2 )v

precipitation runoff, evaporation, st?,o _aqe, ;irad the i p.Acties 'if th',,
uncontrolled spillways.

4.2 MAINTENANCE OF DAM

According to James E. LaPiant, Ranger and t:imp a retakr, tnc drm retcives

some maintenance, such as periodic cuttinq ,of tht ,r::ss on the dam c-rest
through the growing season and the removl, 3 bout 3 years ago, of the larger

trees from the downstream face rf tho dam. MT. t.- ',;nt i so repor!-ed 'ha '
groundhog holes exist in the downstream face of the dam nil that sr-veral

holes, believed to be muskrat burrows, have beeNi ..... ..ong the up.trm

face of the dam. According to Mr. LaPlant, the Jim ha; been exper Lencng

erosion problems along the upstream face of the embankment for a number of
Years, and the eroded area within the emergency spillway outlet channel

occurred from stormwat-r runoff.

4.3 MAINTENANCE OF OUTLET Off(RAINL FhCIci 11-.

With the exception of the v-v,, the k,, ,:awJwn pipe, no outlet

facilities requirCing oper t i .... 2 th I 'lhl"

4.4 DESCRIPTION OF ANY WAIIMNI.IY_ '1 ,,, F-Ff ] I

The inspection did n, r,,v, ',, < tnc, .! 'l:m failire w arninq

system.

4.5 EVALUATION

It is recommended that ma'ht ,n ni , ,i:,n il . inclure po r i f

cutting of grass On the down-t r~am fate (t lb' 0i an, restoration af I J,im
along the upstream face, and p'ovis ion of a sijiltaihl] form of protection (nat
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grass) along the upstream slope in order to prevent. erosion by wave action or

by fluctuations of the lake ]evel . Step .hrjd he taken to rid the dam of

burrowing animals as well as the dense undergrowth that conceals their

burrows. Provision should also be taken to restnre the eroded areas of the

emergency spillway outlet chinnel and to providJe ;ome durable form of

protection to prevent future erosion of the chainnel by spillway flows ur

overland drainage. Trees on the t1;VTf Shul. Id ')I 'et-moVedl Sir cf t ree roots, as

well as animal burrows, cai provide passaqewoys For ],<e seeparle thft- c-ron 'ead

to a piping condition nnm.! fhi Ilir of the dimo. Tt it. ci, orinmie noirf that -i

detailed inspection of the clam he institited on ) reqfllar basis by an engineer

experienced in the design and construction of dirvn m.: d that records be kept of

all inspections made end remedial measures taken.
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It:ITiHN I' iY- y \ r T ' "Y )iV' 11 Q _

5.1 EVALUATION OF 1L11lttS

a. Design Data. DesiIn 1) t, .' no t a',' ,.

b. Experience Data. The drainlhl;O r n! lt l'<e sirface area w:'e

developed from the 1954 USGS Herctljanetum, Mi'.,j,')r QiJIdran Map
(photorevised 1968 and 19740. T e ;mrlj Ft iorv, '1Im iroO,; of the sp illways

and dam were developed from surveys made dtiring the inspection. Records of

rainfall, streamflow or flood data for Lh. wartershed e not available.

Due to the fact that the watershed for this reservoir is small and since
there is no history of excessive reservoir lrxikate that would adversely affect

the normal operating level of the lake, the l-ake level was assumed to he at

normal pool as a result of antecedent storms prior to occurrence of the PMF
and the probabilistic storm.

According to the St. Lou i;_ District , Corps of Engineers, the es",timated

flood damage zone , shou 1d f iure ,af"t h t h, da "I In (IT, fx tth t o11 lI I!11

downstream of the dar.

c. Visual Obse vat 00s

I. The principal spi.llway, a /iD- fat 1 .,i]; , F - i.frcar.-te

drop inlet with a concr!et12 ba'kwa l, i s ]loC:ca el ;-n th,' 7i.htf, or ',(aut)h,

abutment of the (Jam. The drop inlet is ahout R.9 feet- ieelp. A r-,nfarclrq

bar grating with m six-inch mesh over the top of the inlet serves !,a a trasPh

screen. (Due to the fact that the camp property, including the, dam, i-

maintained by a full time caretaker that. ridl's-o the premises, and since

there is no history of clogginq of the trash screen, no allowance in capacity

for blockage of the principal spillway by lake carried debris was made.)

2. A 48-inch corruqated metal pipe exttends from the drop inlet to a

concrete headwall about 31. fet. downstream of the center]ine of the dam. The

outlet channel extends about 63 feet heyond the headwal and terminates in an

abrupt drop.
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3. The emergency spil.1lway, an excav,1it-d earth, hroad-crested

trapezoidal section, is located in the hi II ,lIe )f t hr leFt , or north,

abutme~nt. This spillway has a v'eqetati ye typ t ofv r)II.

4. The erm)?rge icy sp iwavy wt1VHii 'hil i-jwV-eto,

extends southward ly adjacent t. a the iownrv.; t ream tli dim 'Ind jo s e

origi nal stream channel aboit 10 I'feL 1 wn-Jim i reanV 'am.

d . Overtoppj P ot ent. i a I . Tilt- lw2.y 'i' ' TWVi

iadeqU;te to pass 1-he prhi );lI)12 ma < ~lhntIF fI~ ~ qi

The sp il .ways are cons idertl i ncwq iii 11, f o nIf U i p rulhahl

maximum f lood witlintigh -,ign, i 'Init do palIt_ i on '11: i i Icvy 'qil Wa3y Cro -11

by lake outflow. The spillways a3re adetILI-te, how'v-r, ton the 1, perceot

chance (100-year frequency) flood withotit rivertrio-nq tri. dam. The' res ults :)f

the dam overtoprn g anl ysl; arIe as fal lo11ws:

(Note: The data appearing in the f Allowing tafnhi has heen extracted from the

coir-auter output data -apriear inq in Appndix R. fc imail valuies have been

rounded to the nearest one-tenth in ordeJ r to prevea -t vascription of unwarranted

accuracy.)

Ma-x. D)epth (Ft.)

of Flow Over Durati1 on of

Ra tio Q-?eak Max. L"-ke F fe eTop of OverTtop"')ing

of PMF Outflow (Cfs') W.5j. Lloev. [Dinr 0~y r8. 8) of Dam (Hrs.)

1 .00 1 ,994 1997211

1% Probab iI!ty 0j s7. il L)

F lood

E levat ion 478. 9 was i-r)nsidn r.ed to he the e fet ;vf tcp 1r Jamf e I eva_ inn.

With the lake level at elevation 478.8, the pek e n(-I ty of lake outflow

within the Pmergency sp i I iway i-, (. 0 feekt per sernfid, and Hieasme

permissible (non-erosive) velIocity of 5.01 feet per seceond is exceeded for

approximately 0.9 hour, which is considered acceptihi o. The max imumn flow

5-?



safely passing the spillway just priir to t. , reah i no U 1e

effective top of dam el,vation, wo-; rtroi,,.In t, , rn'hni;'l / 1-

which is the routed octf low rorrop iflqnr t o jhf' n'' Ll;,l f Lbo pijl,-

maximum flood inflow.

e. Evaluation. Experience w th :mnlromu ; ,'r:.. Vrcted of' siami

material (a lean clay of medium plasticity) to thatL i'r;ed to construct this dam

have shown evidence that the material,r.'hr'ertain concitinn, such is. hqh

velocity f low, can be very erodihie, Suc!h -i cd tn exi;t:; (li iri UL ic FMF

when large lake outflow, accompanied by hiqh flow velncitirs , f-curs. For the

PMF condition, both the effecti ve top of dam (elevation 818) a;l the art1jai

top of dam (elevation 479.8) were found Lo ho ov,2rtopolI. Fnr the in -hl "

PMF condition, only the effective top of dam was found 'o hi ,.xo .ie . Dama,:iqe

by erosion of the dam and/or eerqenc y spill wy i S xpected br i 0>: Fen("

of the one-half PMF and PMF events. 1he extent of thfose damares is not

predictable within the scope of these ivest;q0.i.ons however, trer- a

possibility, particuiarly during the PMF, Lit: they (il, result in f.i lore by

erosion of the dam.

f. Reference. Procedures ini fVrta f"r d iill i w p'I)tl1HIO VIIxi f'l

flood, the 100-year frequency fhiv,, rid Vn I, ' m'-.' -:-. Vn s

passing the spillways an, dan .n. are psot ,. .:l lrIJ.] f-f f"

the Appendix. Listings of tW L tI -I ( b I-:I f . v ) input I t-I f,,r Nho t!

the probable maximum flood iil h O i-y' " F,' 'rt, jn ,, ,I ht- s': n t'r n iaq;

R-4 through B-6. C1(nputer oultput dt. :,fivltu1ivl , h l rnph ynr, not,0-,

tabulation of P4F rainfall, lns. an inflow data :re shoi or paiqt-es h-7

through B-10; tabulation of :ii<; surface area, olevat. ion i ltorag, volLvne

is shown on page B-11 and tabulations titled "Summary of Dam Safety Analysis"

for the PMF and I percent chance (100-yoar frith ,ency) f l od are also shown on

page B-li.



SECT ION 6 -;TRtji 'i i WFA T I'rfl T'y

6.1 EVALUATION OF STRUCTURAL SIAHILI TY

a. Visual Observations. Vi sual olhservat ins oft condit inns whir)h

adversely a ffect the structural stab Iity of Ithe ilam are Ji-I ussed in 5ect ion

3, paragraph 3.1c.

b . D-sliln and Construct ion DPali W ite to cxcept ion of th- tes-t horing

logs shown on the constructinln n11f- Yv'r,-'i't P late 6, no design nr

construction daita- relat inoi to the 01it tji1 iT tb il t~y of the, d1am were

available. Seepagle and stat ill tv r.T cninpa:r-ah~e to) the reqtiiremeoiL.ti f

the "Recommended Guidelines for Saf'o!v Tr)c-.P4t inn of' 1ams" werp niot viale

which is considere'd a1 1eiiny 11s swrYi Y":-,- tabri I! !-Iini ye s

be per formed for Ippropriatfe I nil(! Ii ni cndi t i rens ( orl , si nr)( i rt Ithgt i~e k o~ r

and made a matter of record.

C . Operati ng Records. 1:xcept for Hte vi!i ye1 't he I a! e drawdocai

no appurtenant structures or fa-cil 1iies regI ring op-rition e xistl ,t this

dam. According to Mr. amme,; [. LaPlaint, Rnnogr'r intI ramp i crotajker , rnT re fo rd1s

of the lake level , spilliway di scha r(o, dmsIee, or ]Ike seepagej( are

kept.

:1. Post Construction Changles. As prey iotrs 1y ';Itared, t'Im was,

originally constructed sometime ahnut 19-15 nd~ rasepproximately 10 feet, to

its present height in 1969. -1he cxi, ting 'h-op inletl spIilwa-y :inti e mor .goc

spillway were provided when thte dam was rie.Acco-rding to Mr. LaPlant, no

post cons t ruct ion changes, have beeo mai~de or haiv- nectured sircf), hic

would affect the structiral stab jil ji y of the tim. A pnss ;i beix'ptiu h

erosion that has occur red along the tistr mf; ire fit the da;m.

e. Seismir S tahi ljjy .Th lam o s 1 1 tI- I wil a / o r (11 w~ i r

p rohabiIi ty a iea . An ea rthquake ot f h nani wtIi t miglht ncr iii th i s

area woiuld not he( exptectnil trn alt etcil-.1 ra 1qf 1-1 -1tn w.- 11 (ott-) w

ear th E!n d am o f t h is S 370 p IroC)Vi ded thai it ,tl et ih )i ;t v r, nd iri'; as'')n, .1T

slatisfactory and convenitiril -i' ag c x i,. Ilow"e', ill1'



recomrnended that the pres r ihed ' i i rh 11n;1dr,1 V( i thi- /one, he appliedc in

any stability analyses performedi for thi cfimi.



SIT F MN 7-/ W) )[' " ',' 'i o ' (''!A Rf

7. 1 DAMA ASSESSMENT

a . Safety. A hydrau Iic ilia yl i W~ivc

capable of passing lake nut flow of 4 rant ~ s h th lbi vfK of, 'II,-,

exceeding the low point in the top if' th- &im. 1vlliianys;ote

lake watershed area, a;dus e in Sectiv n I nnph5 Ii,~ ae that

for storm runo ff of one-hail p ouhahlj e mix im~m fliioun; ni i thf, roifc nmrdtet

sp illway design flood, the lake out flow woujld he, about 5 04 cf- , and tha-t fu)r

the I percent chance (]PP-yucirj 1-regelncy ) FlnidI i kr outflow want ri he

abotut 135 cfs.

Seepage and stability anailyse-; of Uh in ; n wort i rit aiati firvow

and therefore, no judgment icould he Imade WWIt rt-nluwt to the tp mtuia
stability of the damn.

Several items were ot iced dun-i og the- i rvnptetini thai Vcould irdv(-rsr?1y

a ffect the safety of the dam. lhf-oK i tom; UiIii) n in-Fl t pi-t roanfr

face of the dam, trees. and a rmsr- a f 11enlon inoiniihOn the rwatramfc

of the tynbaiiVient and u-scinaFtoen wc i l 'nitl''ti ~r
Animal bur-rows, wont not rhu n iiii Iiim, ifl th.. >-'e w

indi1ca ted by MT . LaP I anthe camFTp (-IiraVn

h . Adeoquiiy of' Infmm1f0 Vi 1n. ip, I, ~o-c., cif I;i ad i ro if ,

data, the ases enell t I 'in in wln i 11; I i in 1 :1(! y iO oxh~rf Iii

conditions as detuerninnIL dtiriniu] the vi- 'illi~oc~n The i n s h

hydrologly of the wators;hol and cna -1ty o-f hI' Kpi ~~ mhv tj 'in

tiydroilolc/hydraiul ic stu~idy :r-. inditi ' unit ion ''va O Ji 'tihiii ty

analyses coniparab lu, to- ti, i cnn jremorfts rif ''Reommn md( A i n t fi' iFVy

Inspection oif Dams" were no. aatbewhich !I co5 f~rc i ii jdend Of i ci riCy

c . Urgency. The, rfnrnrdi alIr~~ irr reconimrnf ndle inip a~rp 7.' forth

items concerning the saif,.ty of the ~,, In out,- in pairagraph 7.1 Ia huli he

accompl ished w ithin I hn. neajr Futuret. Fsi o in m11 pr-otectinn atf the,

upstream fare of the dlam hii t'i; inilahigh pirt



d. flit~st fu l'i-~ 1-1 on f iii

inpcin a Phacse? 11 inrvt-St it-1 )I ni~l~I'I

probabi tity area. An eartlqlalkr of tue l mai I io thilt ali it 'nrin tf-*';

area would mot hie expect ed to criiu;e '4 uct(o 'ui; Lo ,I wr i oitric

earthen darn of this -270L provided L)tht tii ~ iiK''rdLi;ar

sat is fact ory and conventi onna -; ety fmi-qioc I V'' t . I iw-vv IfU is

reccinmended thqt. the prescr! ied 5<mi i In Iii i nf r i hfe ippl 1w 1 j

an y s tab i I i t y ainiIy ses per f rie i),- r i, i 1 1f i

7.2 REMFDIAL MEASURES

a. ec of- ip Ida t o ns . he 11 I w i ' Ir art *~i I US ',i: I, n tI,

I)Provide a du:-ahlc torm ift nrot i;i 4the oi-k i'lv I' 1 .e -

in order Lo prevent erosi an oft Lilt, -pi llr way a Ike )itI fowr ;iitIn 'rn

s tormn of' on-half probab~le max irmiii l irrii ol ti' 1,feollinnded q); I lvviv

design flood for thi- t di.

(2') Obta-inl the ie1;~ 1-1 1~ 'In 1wQ.iIi~ ipi i

stability analyses in orditr to I'' ~nte~tnitrl ihI ity )1' toe l'

for all operationa-kl condit ions. ;e' aad ' ty a iyn;snIj''li

performned by a qualifie 101 '' nio rqli xprYr~ i the, do;,o 'I a

cons truct ion of earthen Lams.

b. Operatins and1 Mainatnanre (n m) hrcdi!;.The folIlowin Hi & Mi

procedures are recclnInenin(O:

(1) Restore the, erod(ed a roa-, if the ijp'; tr, am face, of the dJ31n IndI

provide_ somne form of protert ion, oethtr I han~ri ,i if) ;-dr to preovent ittijre

eros ion of the einbanKme-.ft by wowvi iict inn or !y fli I tin VI in; of th- lak

le~vel . Los;s of mhnnkment mtr Ii It If to- '; iif aI;0i lfpa),I th Iturtja

S tat)ilIi t.y of the dam .



(2) Remnove the tree-; and the ijjr Ioth-iat c.in :onctea a: iil

burrows from the downstrea,-m face of' the dam. Rid the da, rn of burrowing ir:ilmals

and restore the dam at all 1 hn.1 oi with fcumpioeted mpnrv i oiJ mater iai ', lay).

Tree roots and animal burrows can provkf id ;V;gcOS r lake seepI!] that

can develop into a pipinq ctndli Iion (proqiressiv,. internal eo im wh iih ca n

lead to failure of the dam.

(3) Restore the oroded artea of the emrgency spillway outlet channel

and prov ic som~e durable form of protecrt inn to Prfwvent future, iero- inn hv 1 ;jk.?

outflow and/or storm water runolff U (Vt'hOWh not -~r~ iertserious fenn'gh at

this time to jeopardizo Lhe stL iiiyo h aItiposbeht

continued erosion of the channel -O~ldW affect the daml and all ow Spill way

releases and/or overland drainage to encroac(h upon tite damn, rutigin ls

of embankrren t mater imi hy e rnin andi in: di tinnc - in fao',ii5 to Uthes -f iility

of the dam.

(4) Provide mIlo eae o 31i a )F Jf , !j )I ) In rogojjj 1, 1Iy

scheduJtledJ has :s in (-u re r to rW5suie fc r: fr~ I' ) tIrf ti

operational condition.

(5) A deta ileItd i nS[Itio 1 (Y)1r . I1 1 vt'At

regular has]is by an f-riiner pr 1~Ii - rid )osI ii r f

dams. It is ls recommendod , f'or futlirt, rep -c .A '>cnr T- 1, )st.

at I inspections ma1-de, and r:,' lm'mista
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ORIGINAL STREAM
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EL. 452.8

40 80 120

ON STA. 0+75.
.II= 20' H.
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,A'IIPEN[fX R

HYDROLOGIC AND HYDRAULIC ANALYSE S

b ' *



HY[R)t I'02 ANO IWEA0 I-'~ ii MP I A II\ 1! N;

1.The HE C-l D )im Sfttv Ver r i'in ( i iy 1 Y I i t>?d,,J6 F(e ) V~tf ry 114

program was Used to dI'V0lop ill IOW ow r (110ni f lo InW 41i ntv r f1m vrt~p i

analyses, with hydrologic inpidts ;v fo-l lnw.

a. Probahle maximuin pri -pi tatiori ('0 201qs. mi e ,, 9 ihu au 'n

25.7 inches) from D rm erloiio enr o 3 h

precipitation dat) used i n the mu 1)1 V"i if I prieit, I !If1- I

freguency) flood wit- providod !iy tf-v Stf. Lou>; 1t rirt, o cof

Engineers.

b. Drainage area 0. /ICS -.qujn r miles-, O'ar' isrc.

C. SCS parameters:

1. 385
Time of Concentratinn ( T,_ (1. ,)-(10)h

Where: Tc Travel t i ine of wator fr,-i !im yI i-mu] I;a (-;!Iymt

di st ant 1)0 nt to poinot. rof' nfrehm

L = Length ot fin q:st wal rrinm . 31 '1 i I,,-

H = Elevation i frerene (10feet

The time of concentra-tion ( T I) wa-- :-htAini i nmq Method f' -v

descrihed in Fi Qu,,e- -f, (Pe ii in t Simiall [Sims'', hy th I i!U i ti,( StA f-,

Departmrent of the Ino'rior, [Imiourmi of iOerlaima1 inn, ind w-i; vori fiod

us',ing average channo! vf-lne -i ty t-t iimmfeev '1, wIt 07r,") Fee 'l I;.it;

Lag t; mt n . i~ i nure 110 0 . (0t-I'

HydJroloIgic 'Soil Groin l 0(1' 0 ..;onm .....' n .w' ..

Mn ;Idlow p"r -)117 i i ur r- 1 11 -11ii u i

fj -id11 rivn' f: io)I

Soi I tn ON =7P1 (AMP' Ii, r)yfir1



2. Spillway releases fOr the drPo Inl~et olwyw optdi Ii z I1

equations and nomographs pres:ented ini "D.- ; i H af 'An-II 1timY' hy the U. '

Departmient of the Interior (U.-D) for drop inl'tf type -piliwa iys. Fl1ow 1-i,

access to three sides of the i-ich silinr I:p inel ;tc fouth sd

consists of a backwal 1 adjacent to the, iipstreatfi f-If'e Of the dalm. Th Wi 1p wa~

crest length was converted to in eq.)5va-Ient circiilar length and corres. pondinq

radius for entry into the flow nomougraph para:meter. The ris e (if the nappie

above the elevation of the crest l~ip wais consid-rod nelgtl.The fmi1-owin.J

equation was used for crest control:

0 (2jTC C P I/I

where "TC is a coefficient nbtal ned f rom Fl qtve- 28" of thie ahovrefeme

expressed in terms of H /R, ,'sheeivantritsote
spililway crest, 1.91 feet, :-rid I'll i; thet len!J of IIow -ov,?r the crest.

When the ratio H /R r f! d I' o 1, 1P *r nA nw.Nus 'L t:rm 1%

assuming fl ow was Over a rf rv 'dr'~ h r~ rw e

was uised: Q --- (a ( qh) n. ,t wlo!f 11 f ia: 'antui

"all is the area of the on fc< , PV. V C,' ':'rh oflV., i'Ohw

orifice, and "q"' is taelinli 'vl.Vfr:''Hrhr.

Hydraulics'', Fifth [ti.nn, hy Vinci ro ,o

Flow through the /48-incT, dii ine t FT fjt 11?It per WaIdo ron l ~ined uc nij

Bernoulli's equation fo r pr' tF Iowitii e.L ~o inc ludlino, etvri

turn, pipe- and exit lse oa:2.)veloc~ity hea2ds. Referf-ice Hnhh

of Hydraulics", Fi fth )iitin y V ir,, A, Rrute''-, najpes 89-5 and 9-6,.

Discha-rge qtanot.i ties , V~e:n rIy thf, We . 'Vtoinic; loscri hft hre w-

plotted versus correspnn liop( 1lnaer tifoce ele 11-- -fvations to ittrip t

discharge rating curve for the dlrip nieL! pill kvay.

5. Thp em Fergencyr' ,pi 1 !ly ';)tit o; so' 'io'fr.

trapvzo-.idal section for which ruinv-t iorii we Fjftrrrii Ia'. InF 1ut' ipIl V.

_)pillway rla'a'swort, I .'ri~ , il !,w



were ccopted top I' V I nI 1'; drdlh

K It was L;;m t t I !iw 1)v,, -Hi ~ 1 w.t I,, -i -,! ::m i A

critical deptte F I ow it ci i dopth wvi ooi di

3 0.-,
Qc ~ ' -FOrI, thej Var inip; dpritIc ",ill ~ 'pO iiif(

veloc it ies ( v,. ) nt vil or it v ho;i1C (H ') C r dete ill in

Using coniventional fr i ti.~ R*, FerrncoIl "Hari rok of

Hydraulics", Fi fth FLti n, hy (jg n rte pae , -7.

C. Static lake lfvel'; correspi-ndinq to the varorrr)LJ \'- iJes pass-inq

the sp illIway were compiitoci as rrit ical iVepthr; plus rui t i cai

velocity heads, (1d~- H -.ind the w i.inihjpbetwe!en ae

l evel aid sp illway discharge wris thu;- ohii nond The p rocerli r

neglects the mino-r i nciini fircint frijetj 0i oase a:crofss thf,

length of' the2 -spillway

1. [hrI di,;h "'oame r fl r ro Inde ~ei piwy

erjinl ele~vations we -f s mini o nlfrctr (m, i ' 'l Y, a

z4. T l-)t ) pr fi Ih, iif w c ii , ' i IlI lw 'v ' I

carvint bu1 leterinirnwd hy rv t i i,n 0- :i', 'r I 1 .i pn

length anid elevation (1.0, frr t'io :nfi.

HE-T1- riii),rnn nr the J! ;iul TV Fa~ ,. inli ,1*

t damn re t sfect i on r-(-( t it n I I' i': 1 71. 1 I t r t' v

h,. f low passinn the ltim cIrI IrvIl i t;dti :1 
1 .n 1 ~ ~

siIlway -is entered no tielf Y./I -)Iii Y', n!;

R-3
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0 L I 0 - LC',
W.D -R.PX PERIOD RAIN EXOS L,]SS 'Plf f YThi, l4.r M PERIOD RAIN EX0C3 S Ul ct' 0

1.01 .05 1 .01 0.00 .01 . ".. 22.05 145 .22 .21 .01
1.01 .10 1 .01 0.00 .()1 0. 1.01 12. 1 146 .22 .11 .01 223.
1.01 .15 3 .01 0. ( .01 0. 1.01 12.15 147 .22 .21 .01 235.
1.01 .20 . 4 .01 0.0 .01 0. 1,' I2. 20 143 .22 .21 .01 "3'1.
1.01 .25 5 .01 0.00 .01 0. 1.0i 12.25 149 .22 .21 .00 240.
1.01 .30 6 .01 0.00 .01 0. 1.01 12.,0 150 .22 .21 .(0 240.
1.01 .35 7 ,01 0.00 .0 0. 1.01 12.35 151 .22 .21 .Vi 240.
1.01 .40 8 .01 (,0 .01 0. 1.01 12.40 I15 ,22 .21 .00 241.
1.01 .45 9 .01 0.00 .21 0. I.;1 12.45 153 .22 .21 .(, 241.
1.01 .. 10 .01 0.00 .W 1 .. 12.50 154 .22 .21 .XI0 241.
1.01 .55" I .01 0. I .01 0. 1.(1 12.,5 ,5 .22 .21 .W0 241.
1.01 1.00 12 .01 0.00 .t1 . l.: !! .0 l5a .22 .2 .00 241.
1.01 1.05 13 .01 0.0, .01 0. 1.01 1.,5 157 .26. .2 .00 272.
1.01 1.10 14 .01l 0.('0 .11 Ki i. 1 13.0' 153 .26 ,26 .0" 2386.
1.01 1.15 15 .01 0.00 ,.1 2:. 1.,,1 13.15 15'? .20, ,,2 .(', 2g.

~1.01 1.230 16 .01 .00 .01 I . '. 1 13I.> 1K, .', ,',, 00 2%.Zq1.01 1.25 17 i . CO .01 . . . 161 .11 .2 .01 2;1.

1.01 1.15 ,.. .01 0 .0 1 , , . . 0 2 1.
1.01 1.4 21 1 .01 .0,; 15 .. -
1.011 1.5 '" .A : .1 . I ., 1. 2 1
1.01 1.5 41 .01 .1 ,, , . "', .67 .' ,

1.01 2. , 4 .055 .0 .01 . 1. "'1 4.05 167 . ,.
1.02.0 ' 01= *~ 3.'. " ?4. 16 < 00 i

1.0 2.5 ... .01 ....0 .02 " WA, 14.15 1719 7 .,'d' .0a 33.
1.01 2.20 2 .1 .0 0 .(1 4. 1, 1 14.2(1 172 .2 .", 02 .
1.01 2.20 2 . .0 .. 1. 14.2, 0 335.

21 5 .01 . .1 0. 14.10 175 ' ''

12. .01 .00 .01 . 1.01 14.1c 171 . .0 &
1.01 2.45 33 .1 .00 .01 a. 1.21 14.40 172 . , .00 365.
1.01 2.25 34 .01 .00 .01 5. 1.0, 14. 5 1753. . ..- . '-.-
1.01 2.55 32 .01 .01 .01 .. 1.01 14.:5 174 .33 .3 .00 336.

10 30.01 014 .0 01 6. 1.01 14.0 4 3 .3 . .0 173.
1.01 3.45 37 .01 .00 .01 . 1 15.0 .2 -27
1.01 2.50 34 .01 .00 .01 i 1.01 145.0 172 .40 .?0 .00 "14.
1.01 3.55 35 .01 .01 .01 . 0! 15.t5 1. 3" 4 .0 2
1.01 3.00 40 .01 .01 .01 6. 1.(11 15.00 ,0" .60 . .00 3056.
1.01 3.05 37 .01 .01 .01 7. 1.01 15.05 135 ' 70 .1 . .0, 7.
1.01 3.10 348 l 01 .01 .01 .01 15.10 132 .40 .40 .00 1374.
1.01 3.45 45 .01 .01 .01 .. 1.1 15.15 183 .40 .40 .0:0 12':,

1.01 3.50 49 .01 .01 .(1 6. 4.1 1.529c.0'0 0 9

1.01 3.20 40 .01 .01 .01 . 1 1 1 .00 201 V , I I?4. VO Us (10 "80.
-i "I3;X 41 .01 .(it .01 7.l'I ; 1 . ... .70 .6 9 .00 716.

1.01 3.30 42 .01 .01 .01 1 1.01 1... 1 .4 .47.
1.01 3.35 43 .01 .01 .01 . 1.01 1. 1 93. 721 .3 .01 3!7.
1.01 3.40 44 .01 .01 .01 7. 1.q t.11 .1 4 1 ?, 1-10 1. 9 .(Ki lj.4.
1.01 3.45 45 .01 .(0 .1 I 0. 1. l 1 .4. 8 . ( ., .0 1':.
1.01 3.50 46 .01 .01 .(1 1. 1.(;1 1 , " 190 .O .0 .00 7, f
1.01 3. 55 47 .01 .01 .01 c. 1.1 1.C11 .4 4 0 .)

1.01 C.oo 4 8 .01 .(i1 .01 g. 1.01 16.:, (K) 192 .40 .40 .00 472.
1.01 4.05 49 .01 .01t Q'I 8. 1. "1 16.0 19 3 .31 .31 00 ' 7.

- 1.01 4.10 50 .01 .01 .01 0. 1..1 16.10 194 .31 .31 .0 3..
1.01 4.15 51 .01 .01 .0i d. 1.01 16.15 191 .21 .'1 .00 45.

LB--8



..0. 4.. if t! 01 t..

1.01 .4 . , K. 0 .vI j 16.. 20c, I

1. 0 1 4.45, 57 o.:, 10 .(1 ..,, 1,'.114 1"6 .5 ,"4 • "'"A :.I,1.01 4.30 t4 .01 , .I K. ; 1, .S,, i( ."I .: ,

1.01 440 1' 0 0 .(', I ? ") 01 1,-.0 200 -!,I
• t 0 2 . .1 1.0 0 o~ *.. 2-

1.01 4.45 57 .u . .1 1 . .1 1 2745 2 . 7.

1.01 4.5, 62 .01 .Q' .1 4. 1.(,1 17.5 (11 .4,5 274,

1.0 A 5.55 6, 01 0, .0. .,01 1 207 2 .

.01 .0 .0 1 .(1 .01 1, 1. .,,1 2.,0 4. ' -1

1.01 5. 05 .1 5 01 .01 ,;. -.. 1 .01 17.0 20 .24 .,. .W
1.01 5. 10 6 M . 0 10. .1 17 .3 .2 1 .

1. 0 5.05 63 , 01 .01 01 ' . 1.0 17 , , .24

1.01 5.00 b .01 .01 .01 10. 1,01 17.40 212 .24 .24 .ct0. 1,.

1.01 5.25 69 .01 .01 .01 10. 1.01 17.45 207 .21 .214 20 .

1.01 5.50 70 .01 01 01 1. 01 17. 210 .24 ', .A 20.

.01 5 .01 .01 .01 0. 1.0M 17. 211 .24 .21 , " > &.

.0 1 6.400 678 .01 .01 .(N 10. 1. 01 1'..40 12 .24 .24 . 2b 2.0
1.01 5. ,5 7 .01 ,01 .01 10. 1.01 13 .'5 217 .2 " :

1.01 5.10 70 ,01 . 0 0. 1 01 17.10 214 .2 .2

1.01 6. 5 7 1f . 01 C:1 .; 1. .1 1..5 2.. .2

1.1 .I 6. .01 .01 6 WC : 1 .01 17,.0 21 .4
1.0t C..05 77 .0 !5 .0 t3. 1.01 12.05 217 .2 .1,I• 6 Q 0 , 0 , t4 .0 1. . 2224

1.01 6.10 74 .06 .0 ,01 IT. 1.01 1 .10 212 .-2 J ' ;
5,.,o 71 .0 s K .1: ' ,( 175 .. . .. .,i

1.0 1 4002 14. 1.01 .0 :'N C C .'

1.01 6,.5 7, .0N .05 0 1 0,. I.01 1.I 5 ' 2 .

1.01 6,20 7 .0. ,  "5 .01 .. 11 t: , .4 I2 .", -•

1.01 6 " *7' 0 .. . 1 .01 .... -

01 7 00,.,. ..1... .

I .0' 1 ' 7.0 06A 0!, ul(.1.
1. ,.. 77.01. .5 .013 1. 1.01 1 '1o 22 .(2 .0, 7.

1.01 .. "'" 7' .0k .- 0 .01 (2 A ... .. 4 .2 . "" -.

0 7. IS J 06 6 ". 3, ,

1.01 7.5 :4 , ,5 .1 4. I , . . .02 .'2 .(It.L.Ot 7.55 ,'' .5",0 5 K~ 01 5:. 1.' 5.5 2,5 ,. ..q ,'" ,

.01 "7. ' .0,  .02 .S : .' "I .z5 .02

1.01 7.05 :i: ,06 .01 ...1" .0 , 0 5 "f" ,' 1I 24,1 ,-

1.1 7.10 8,4 ,04 . , Q. 01 .01 . 1 . 1 242 ,7 .0. , 7

1.01 1.15 A' .0 ,(o5 .01 64. 1 . 2 02 .

1.0 '.,0 100 .0,  .0 ,., :. K, .. f.. 21 . 2

1.01 Q. % ... 1 04, ,06 .01 i.J2. 1.0: l:_,2 .. ..45,. .W,: .v; . '.'

1.01 l.ob 12 ,'. . .1 24
1.01 6.35, 1 '2. ,04- .K, .(. 11 2;. 247 .02 .:,

.i..)



I.:D-OF- ERIJOI IFlVA (cont'

-. 01 -8.40 104 .06 .00, . 21 .,2,
1.01 8.45 105 UO ..(/- *u, 60. 0,) 2045 -4(/. .0.

1.01 0 0. ' . V. 7.
f.01 3.55 107 .046 .06 .0 7. 1.0. 20.55 251 .02 .(I .o2

1.01 9.00 1(0.V0 ... V c.. 1.01 21.v6 " .02 .0 .00 ,4.

1.01 9.05 10' .0, .06 .00 7. 1.0 21.05 253 .02 .,, .01 24.

1.0l 9.10 110 .06 .0, .(, c.7. 1.01 21.10 2 .02 .0 .00 24.

1.01 9.15 111 .06 .0, .(( 67. 1.01 21.15 ?55 .02 .02 .00 4.

1.01 9.20 112 .o6 .06 .00 k-. 1.01 21.20 256 .02 .02 .00 24.

A-01 9..5 113 .06 .(k .00 &S. 1.01 21.25 257 .(2 .02 .00 2 4.

1.01 9.30 114 .06 .06 .00 V8. 1.01 21.30 25, .02 .02 .00 24.
1 . 0 1 l i.t' -N5 . , . ( it , .,.,,, .. ' 1 " . ... ,I . ,: .e : , . ,

1.01 9.40 1. .0, .06 .0( .8. 1.01 2 1.40 20 .02 .0' .00 24.

101 945 117 .06 .06 .00 . . 21.45 21 . 2 .2 .() 24,

1.01 118 .0. .0 .00 . 1.01 21.50 . 0 .

l.'l 9.55 119 .06 .06 .00 ,. 1.01 21 .l ,I. CIS .V1 ,4.

1.01 10.00 120 .06 .06 .00 . 1.01 22.00 2.4 .2 .2 .00 24.

1.01 A0.05 121 .06 .06 .00 0,. 1.01 22.05 25 .02 . .0 .00 '4.

1.01 10.10 122 .06 .06 .00 .9. 1.01 22.10 2. .02 .02 .W0 24.

1.01 10.15 123 .06 .06 .00 22. 1.01 221 267 .02 00 .0 24.

1.01 10.20 124 . .06 .00 69. I.0 22 -2, 00 24.

1.01 10.25 125 .( .06 .00 69. 1.01 2.25 200 .02 .0. .00 24.

1.01 10.30 12. .06 .06 .00 69. 1.01 22.2 270 .0 .c .00 24.

1.01 10.35 22 .06 .06 .00 69. 1,01 22.,5 271 .C; .4!1 .00 24.

1 40 127 .0 .06 .00 69. 1.01 22.40 272 .02 0:. .- 24.

1.01 10.45 129 .0V .0 .02) 69. 1.01 22. 0 273 .,2 .C: .00 24.

1.01 10.50 130 .06 .06 . 0 49. 1.01 2.. 24.

1.01 10.55 131 .0 .06 .00 69. 1.01 22.26 ... u. .c2 .c. 24.

1.01 11.0 1 -I .06 00 7 .(., 24.

1.01 11.10 13' .0, .08 .00 69. 1 .. ,

1.01 11.20 13" .06 .0 . 7..
-.7 .0 .06 . 70. 2 24.

1.01 11.30 13 .06 .Ot .( 70. . . 24.

1.01 0.15 JI.0 .06 .00 70. ' .' .. * 24.1.01 11.4 140 .{ , 0 .00, .00 70. 1.(1 -. ". ,, : 224 , , . ,. 24.

1.01,1.." 4' 1 .06 .0.{. .00 70. . ' .00 :4.

1.01 1,5 142 .06. .0,i, . 1 7,. -..,,:. ', ,': . :c .: .( 24.
11.11, 141 C)IV CI

1.01 11'.55 14S .(. .0, .00 70.

1. . O2.I . "065,-1

FE 64L) -: U( R':L; -2T 10,
F Eg ' 8-dIC.UF- ,T4-HO::UR , 7.-B.,O.i. 7'Of- ,OU,,

(:. 2"51. 406. 133. iT 1

c 72. 11. 4. 4. ...

I NES 246.03 34.14 A.14 4. 14

6v,41.23 :0-.2c 47 .25
,C-fT 201. 264. 21,4. ,.4.

T C11 M 24 . 324. 326.2.

B-10-



~LW

LiL
.2' -2

z .2.

I'C. U7. 1 ~

L I I-

F, D-F



I


